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FIG. 3a Step 1 FIG. 3b Step 2 FIG. 3¢ Step 3
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OFF-GAS FEED METHOD AND TARGE'T GAS
PURIFICATION SYSTEM

TECHNICAL FIELD

The present mvention relates to a technique of recycling
off-gas discharged when enriching and separating target gas
out of a gas mixture by a pressure swing adsorption process.
More particularly, the present invention relates to a method of
supplying off-gas to an off-gas consumption unit, and to a
purification system for target gas.

BACKGROUND ART

Conventional methods of enriching and separating target
gas such as hydrogen gas out of a gas mixture include a
pressure swing adsorption process (hereinafter abbreviated as
PSA process). The PSA process employs two to four adsorp-
tion towers 1n which an adsorbent 1s loaded, 1n each of which
a cycle including an adsorption step, a depressurizing step, a
desorption step, a scavenging step and a pressurizing step 1s
repetitively performed. The technique of enriching and sepa-
rating target gas out of a gas mixture by the PSA process can
be found, for example, 1n JP-A 2000-313603.

The cited document discloses a technique of repeating a
cycle including steps I to IX shown in FIGS. 7a to 7i, with an
apparatus including three adsorption towers A, B, C respec-
tively containing an appropriate adsorbent, so as to enrich and
separate target gas and supply off

-gas discharged from the
adsorption towers A, B, C to an off-gas consumption unit
(reformer). Specifically, these steps are carried out as follows.

In the step I shown i FIG. 7a, the adsorption step 1s
performed in the adsorption tower A; the scavenging step 1s
performed 1n the adsorption tower B; and a first depressuriz-
ing step 1s performed 1n the adsorption tower C. Specifically,
a gas mixture 1s mtroduced into the adsorption tower A, so
that an unnecessary gas component 1s removed by the adsor-
bent in the tower, and a product gas (target gas that has been
enriched and separated) 1s discharged out of the tower. In the
adsorption tower C, the adsorption step (see the step IX
described later) has just finished, and residual gas led out
from the tower C 1s mtroduced into the adsorption tower B
performing the scavenging step, to serve as scavenging gas.
Accordingly, the scavenging of the adsorption tower B can be
simultaneously performed with the depressurizing of the
adsorption tower C.

In the step II shown in FIG. 7b, the adsorption step 1s
performed in the adsorption tower A; a first pressurizing step
(pressure equalizing step) 1s performed i1n the adsorption
tower B; and a second depressurizing step (pressure equaliz-
ing step ) 1s performed 1n the adsorption tower C. Specifically,
the adsorbent continues to remove the unnecessary gas com-
ponent 1n the adsorption tower A as in the step I, so as to
discharge the product gas out of the tower. The adsorption
tower C continues to introduce the residual gas into the
adsorption tower B as in the step I, so that the adsorption
tower B, upon finishing the scavenging step (step 1), accumu-
lates the gas supplied from the adsorption tower C. Accord-
ingly, the pressurizing of the adsorption tower B 1s simulta-
neously performed with the depressurizing of the adsorption
tower C, so that the pressure 1n the adsorption tower B and the
adsorption tower C may be equalized.

In the step III shown in FIG. 7¢, a adsorption step 1s per-
formed 1n the adsorption tower A; a second pressurizing step
1s performed 1n the adsorption tower B; and a desorption step
(blowdown step) 1s performed in the adsorption tower C.
Specifically, the gas mixture 1s continuously introduced 1nto
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the adsorption tower A as 1n the steps I and 11, and the product
gas 1S dlscharged out of the tower. At this stage, a portion of
the product gas 1s introduced 1nto the adsorption tower B, so
that pressurization 1s continued 1n the adsorption tower B.
From the adsorption tower C, the residual gas 1s discharged
out of the tower, which causes a depressurizing effect so that
the unnecessary gas component desorbed from the adsorbent
1s discharged out of the tower.

Through the steps IV to VI shown in FIGS. 7d to 7, the first
depressurizing step, the second depressurizing step and the
desorption step are successively performed in the adsorption
tower A, as 1n the adsorption tower C through the steps I to I11.
In the adsorption tower B, the adsorption step 1s continuously
performed as 1n the adsorption tower A through the steps I to
I1I. In the adsorption tower C, the scavenging step, the first
pressurizing step and the second pressurizing step are succes-
stvely performed, as 1n the adsorption tower B through the
steps 1 to 111.

Through the steps VII to IX shown 1n FIGS. 7¢g to 7i, the
scavenging step, the first pressurizing step and the second
pressurizing step are successively performed 1n the adsorp-
tion tower A, as 1n the adsorption tower B through the steps 1
to I1I. In the adsorption tower B, the first depressurizing step,
the second depressurizing step and the desorption step are
successively performed, as 1n the adsorption tower C through
the steps I to I11. In the adsorption tower C, the adsorption step
1s confinuously performed as in the adsorption tower A
through the steps I to 111.

Repeating the foregoing steps 1 to IX 1n the adsorption
towers A, B, C leads to removal of unnecessary gas compo-
nent from the gas mixture, and to continuous extraction of the
product gas containing a high concentration of the target gas.

Meanwhile, the off-gas discharged from the adsorption
tower B 1n the step I, adsorption tower C in the step III,
adsorption tower C 1n the step 1V, adsorption tower A in the
step VI, adsorption tower A in the step VII, and adsorption
tower B 1n the step IX 1s supplied to the reformer as a fuel,
alter being temporarlly stored 1n an off-gas reservoir tank (not
shown). The off-gas reservoir tank 1s installed 1n order to store
a portion of the off-gas discharged 1n the above steps so as to
secure the continuous supply of the off-gas to the reformer
without interruption 1n the steps 11, V and VIII, in which none
ol the adsorption towers discharges the off-gas.

However, the off-gas reservoir tank normally has a capac-
ity more than five times as large as that of the adsorption
tower, and has hence been a great obstacle 1n achieving fur-
ther reduction 1n dimensions of the target gas enrichment and
separation system. Besides, according to the technique dis-
closed 1n the cited document, reducing the capacity of the
olf-gas reservoir tank inevitably incurs an increase in pres-
sure fluctuation, and i1s hence difficult to achieve.

DISCLOSURE OF THE INVENTION

Accordmglyj it 1s an object of the present mmvention to
provide an ofl-gas feeding method including a target gas
enriching and separating system of reduced dimensions, yet
capable of supplying off-gas discharged from a plurality of
adsorption towers without iterruption, when performing a
PS A process to enrich and separate the target gas out of a gas
mixture 1n the adsorption towers.

It 1s another object of the present invention to provide a
target gas purification system appropriate for such an off-gas
feeding method.

A first aspect of the present invention provides an oif-gas
teeding method for supplying the off

-gas discharged from a
plurality of adsorption towers to an oif-gas consumption unit,
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when performing a pressure swing adsorption process of
repeating a cycle including a plurality of steps, to enrich and
separate target gas out of a gas mixture 1n the adsorption
towers loaded with an adsorbent. The method comprises
causing at least one of the adsorption towers to discharge the
off-gas, 1n all the steps included 1n the cycle, so as to continue
to supply the ofl-gas to the ofl-gas consumption unit without
interruption.

By the method thus arranged, since the off-gas 1s con-
stantly discharged out of the towers, the oif-gas can be sup-
plied to the off-gas consumption unit without interruption,
without the need of storing a large amount of the off gas 1n an
off-gas reservoir tank. Accordingly, the off-gas reservoir
tank, which 1s a greatest obstacle in reducing the dimensions
ol the target gas purification system, can be made smaller, or
even omitted, which naturally leads to reduction in dimen-
s1ons of the target gas purification system.

Preferably, the method may include controlling the flow
rate of the off-gas supplied to the off-gas consumption unit.
Such arrangement allows alleviating an abrupt fluctuation 1n
discharging pressure or composition of the off-gas, which
may take place at a transition of the steps or with the lapse of
time. Therefore, the off-gas can be supplied to the consump-
tion unit under a stable status.

Preferably, the flow rate may be controlled by adjusting the
opening extent of a flow control valve located 1n the gas flow
path connecting the adsorption towers to the off-gas con-
sumption unit.

According to a preferred embodiment of the present inven-
tion, each of the adsorption towers repeats the cycle which
includes an adsorption step of adsorbing an unnecessary gas
component in the gas mixture with the adsorbent so as to
discharge a product gas containing a higher concentration of
the target gas, a first depressurizing step of reducing the
pressure 1n the adsorption tower to a first intermediate pres-
sure, a second depressurizing step of reducing the pressure 1n
the adsorption tower to a second intermediate pressure, a
desorption step of desorbing and discharging the unnecessary
gas component from the adsorbent, a scavenging step of
introducing scavenging gas into the adsorption tower so as to
discharge residual gas in the tower, and a pressurizing step of
increasing the pressure in the adsorption tower. The residual
gas discharged through a product gas outlet of the adsorption
tower performing the second depressurizing step 1s 1ntro-
duced to another adsorption tower performing the pressuriz-
ing step, and the off-gas 1s supplied to the off-gas consump-
tion unit through a gas mixture ilet of the adsorption tower
performing the second depressurizing step.

Preferably, the adsorption towers may supply the off-gas to
the off-gas consumption unit during the second depressuriz-
ing step, the desorption step and the scavenging step.

Preferably, the tlow rate of the off-gas supplied to the
off-gas consumption unit may be controlled by the flow con-
trol valve located 1n the gas flow path connecting the adsorp-
tion towers to the off-gas consumption unit. The opening
extent of the flow control valve 1s set to be largest 1n the
scavenging step and smallest in the second depressurizing
step, and to gradually increase 1n the desorption step.

According to another preferred embodiment of the present
invention, each of the adsorption towers repeats the cycle
which includes an adsorption step of adsorbing an unneces-
sary gas component 1n the gas mixture with the adsorbent so
as to discharge a product gas containing a higher concentra-
tion of the target gas, a first depressurizing step of reducing,
the pressure in the adsorption tower to a first intermediate
pressure, a second depressurizing step of reducing the pres-
sure 1n the adsorption tower to a second intermediate pres-
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sure, a desorption step of desorbing and discharging the
unnecessary gas component from the adsorbent, a scavenging
step of introducing scavenging gas 1nto the adsorption tower
so as to discharge residual gas in the tower, a first pressurizing,
step of increasing the pressure in the adsorption tower, a
waiting step of closing both of the gas mixture inlet and the
product gas outlet of the adsorption tower, and a second
pressurizing step of further increasing the pressure in the
adsorption tower. The residual gas discharged through a prod-
uct gas outlet of the adsorption tower performing the second
depressurizing step 1s introduced to another adsorption tower
performing the first pressurizing step, and the off-gas 1s sup-
plied to the off-gas consumption unit through a gas mixture
inlet of the adsorption tower performing the second depres-
surizing step.

Preferably, the off-gas consumption unit may serve as a
combustion unit of a reformer that produces the gas mixture.

Preferably, the target gas may be hydrogen gas, and the gas
mixture may contain the hydrogen gas and a flammable gas
component other than the hydrogen gas.

A second aspect of the present invention provides a target
gas purification system comprising a reformer that includes a
combustion unit and reforms a material gas to produce a gas
mixture containing the target gas; a purifier that performs a
pressure swing adsorption process of repeating a cycle
including a plurality of steps, 1o enrich and separate the target
gas out of the gas mixture in a plurahty of adsorption towers
loaded with an adsorbent; and an oif-gas supplier that sup-
plies the off-gas discharged from the purifier to the combus-
tion unit as a fuel. The supplier includes a discharge controller
that causes at least one of the plurality of adsorption towers in
all the steps included 1n the cycle, so as to continue to supply
the oil-gas to the combustion unit without interruption.

Preferably, the supplier may supply the off-gas to the com-
bustion unit without the intermediation of an ofl-gas reservoir
tank that temporarily stores the ofl-gas.

Preferably, the discharge controller may include a flow
control valve located on a gas flow path through which the gas
1s supplied to and discharged from the respective adsorption
towers, and an opening controller that controls the opening
extent of the tlow control valve.

The above and other features and advantages of the present
invention will become more apparent from the following
embodiments described based on the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a configuration of a
triple-tower PSA system for carrying out an off-gas feeding
method according to a first embodiment of the present inven-
tion;

FIG. 2 1s a cross-reference table specilying a process per-
formed 1n the adsorption towers and a timing for opening and
closing valves, with respect to steps 1 to 9 for enriching and
separating the target gas with the triple-tower PSA system;

FIGS. 3ato 3i are block diagrams respectively showing the
gas flow directions 1n each of the steps 1 to 9;

FIG. 4 1s a line graph showing a temporal variation 1n
opening extent of the flow control valve that controls the tlow
rate of the off-gas discharged from the PSA system:;

FIG. 5 1s a cross-reference table specitying a timing of the
process performed 1n the respective adsorption towers, with
respectto steps 1'to 12' for enriching and separating the target
gas, with a quadruple-tower PSA system for carrying out an
olf-gas feeding method according to a second embodiment of
the present invention;
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FIGS. 6a to 6/ are block diagrams respectively showing the
gas flow directions 1n each of the steps 1' to 12'; and

FIGS. 7a to 7i are block diagrams respectively showing the
gas flow directions 1n steps I to IX for enriching and separat-
ing the target gas, with a triple-tower PSA system for carrying
out a conventional ofl-gas feeding method.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Referring to the accompanying drawings, preferred
embodiments of the present invention will be described 1n
details hereunder.

An off-gas feeding method according to the first embodi-
ment of the present invention may be carried out with a
triple-tower PSA system shown in FIG. 1. The triple-tower
PSA system X1 shown in FIG. 1 principally includes a
reformer 1, a purifier 2, and an oif-gas supplier 3. The
reformer 1 includes a combustion unit 10 and a reforming unit
11. The punfier 2 includes three adsorption towers A, B, C, a
gas mixture piping 20, a product gas piping 21, a residual gas
recovery piping 22, a gas introduction piping 23 and a product
gas reverse flow piping 24. The off-gas supplier 3 includes an
off-gas feed piping 30.

Each of the adsorption towers A, B, C 1s loaded with an
adsorbent. Examples of preferable adsorbent include carbon
(suitable for removing carbon oxide gas or methane gas),
zeolite (suitable for removing carbon monoxide gas or nitro-
gen gas), and alumina (suitable for removing vapor). Obvi-
ously two or more of the enumerated adsorbents may be
employed 1n combination, and other adsorbent than these
may also be employed.

The pipings 20 to 24 are respectively provided with an
automatic valve a to g. The residual gas recovery piping 22,
product gas reverse flow piping 24 and oil-gas feed piping 30
are respectively provided with a flow control valve 40, 41, 42.
Further, a controller (not shown) 1s provided for controlling
the open/close operation of the automatic valves ato q, as well
as the openming extent of the tlow control valves 40, 41, 42. As
will be described below, switching the automatic valves ato g
to open or close, and controlling the opening extent of the
flow control valves 40, 41, 42 causes the respective adsorp-
tion towers A, B, C to perform an adsorption step, a first
depressurizing step, a second depressurizing step, a desorp-
tion step, a scavenging step, a first pressurizing step and a
second pressurizing step.

Specifically, such steps (steps 1 to 9) are performed 1n the
adsorption towers, 1n a timing specified i FIG. 2. The open/
close state ol the automatic valves a to g in the respective steps
1s specified 1n FIG. 2, and a flow of the gas 1n each step 1s
schematically 1llustrated 1n FIGS. 3a to 3i. FIG. 4 1s a graph
showing an opening control pattern of the flow control valve
42, through the steps 1 to 3. According to the example of FIG.
4, the opening extent of the tlow control valve 42 1s 100%
(constant) 1n the step 1, 10% (constant) 1n the step 2 and
substantially linearly increasing with time from 40% (begin-
ning o the step 3) to 100% (end of the step 3), through the step
3. The opening extent of the flow control valve 42 may be
otherwise determined as desired depending on the need. Like-
wise, the opening extent of the flow control valves 40, 41 may
also be determined as desired depending on the need.

In FIG. 2, the following abbreviations are used.

AD: Adsorption Step

First DP: First Depressurizing Step

Second DP: Second Depressurizing Step

DE: Desorption Step

SC: Scavenging Step
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First PR: First Pressurizing Step

Second PR: Second Pressurizing Step

In the step 1, as specified 1n FIG. 2, the adsorption step 1s
performed 1n the adsorption tower A, the scavenging step in
the adsorption tower B, and the first depressurizing step in the
adsorption tower C. The gas tlow 1s shown 1n FIG. 3a.

As shown 1n FIGS. 1 and 34, the gas mixture 1s introduced
into the adsorption tower A from the reforming unit 11 of the
reformer 1, via the gas mixture piping 20 and the automatic
valve a. In the adsorption tower A, an unnecessary gas com-
ponent 1s removed by the adsorbent, and the product gas 1s
discharged out of the tower. The product gas 1s collected via
the automatic valve 1 and the product gas piping 21.

To the adsorption tower B, residual gas (scavenging gas)
discharged from the adsorption tower C 1s introduced via the
automatic valve n, the residual gas recovery piping 22, the
flow control valve 40, the automatic valve p, the gas introduc-
tion piping 23 and the automatic valve 7. Since the adsorption
tower B was formerly performing the desorption step while
the adsorption tower C was formerly performing the adsorp-
tion step (see the step 9 shown 1n FIG. 3i), the pressure in the
adsorption tower C 1s higher than 1n the adsorption tower B.
Accordingly, introducing the residual gas in the adsorption
tower C 1nto the adsorption tower B depressurizes the inside
of the adsorption tower C to a first intermediate pressure, and
causes the adsorption tower B to discharge residual gas 1n the
tower. The gas thus discharged 1s supplied to the combustion
unit 10 of the reformer 1, via the automatic valve d, the otf-gas
feed piping 30 and the flow control valve 42.

When the maximum pressure in the adsorption step 1s
defined as 100% and the minimum pressure 1n the desorption
step 1s defined as 0%, the first intermediate pressure in the
adsorption tower C (the first depressurizing step) lies 1n a

range of 35% to 85%.

In the step 2, as shown in FIG. 2, the adsorption step 1s
performed 1n the adsorption tower A, the {irst pressurizing
step 1n the adsorption tower B, and the second depressurizing
step 1n the adsorption tower C. The gas tlow 1s shown 1n FIG.
3b.

As shown 1n FIGS. 1 and 35, the adsorption tower A con-
tinues to receive the gas mixture as in the step 1, and dis-
charges the product gas out of the tower. The product gas 1s
collected 1n a similar manner to the step 1.

The residual gas led out of the adsorption tower C 1s intro-
duced 1nto the adsorption tower B via the automatic valve n,
the residual gas recovery piping 22, the flow control valve 40,
the automatic valve p, the gas introduction piping 23 and the
automatic valve 7, and also supplied to the combustion unit 10
via the automatic valve 1, the off-gas feed piping 30 and the
flow control valve 42. In other words, in the step 2, while the
supply of the off-gas from the adsorption tower B 1s discon-
tinued because the automatic valve d 1s closed for equalizing
the pressure between the adsorption tower B and the adsorp-
tion tower C, the automatic valve 1 1s opened so that the
olf-gas 1s supplied to the combustion unit 10 from the adsorp-
tion tower C, via the automatic valve 1, the off-gas feed piping
30 and the flow control valve 42. Therelore, the combustion
umt 10 can continue to recerve the otl-gas as 1n the step 1,
without interruption. Also, the inside of the adsorption tower
C 1s further depressurized to a second intermediate pressure,
which 1s lower than the first intermediate pressure, and the
inside of the adsorption tower B 1s pressurized.

When the maximum pressure in the adsorption step 1s
defined as 100% and the minimum pressure 1n the desorption
step 1s defined as 0%, the second intermediate pressure 1n the
adsorption tower C (the second depressurizing step) lies 1n a

range of 50% to 15%.
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In the step 3, as specified i FIG. 2, the adsorption step 1s
performed in the adsorption tower A, the second pressurizing,
step 1n the adsorption tower B, and the desorption step 1n the
adsorption tower C. The gas flows 1s shown 1n FIG. 3c.

As shown 1 FIGS. 1 and 3¢, the adsorption tower A still
continues to receive the gas mixture as in the steps 1 and 2,
and discharges the product gas out of the tower. The product
gas 15 collected 1n a similar manner to the step 1, while a
portion thereof 1s introduced to the adsorption tower B via the
product gas reverse flow piping 24, the automatic valve q, the
flow control valve 41, the gas introduction piping 23 and the
automatic valve 1, so that the 1nside of the adsorption tower B
1s Turther pressurized.

In the adsorption tower C, as specified 1n FIG. 2, the auto-
matic valves e, m, n, o are closed while the automatic valve
1s opened, so that the off-gas (containing the unnecessary gas
component desorbing from the adsorbent) 1s discharged out
of the tower until the pressure drops to the minimum pressure
in the desorption step. The ofl-gas thus discharged 1s supplied
to the combustion unit 10 via the automatic valve 1, the off-gas
teed piping 30 and the flow control valve 42. Therefore, the
combustion unit 10 continues to recerve the off-gas as 1n the
step 2, without interruption.

Through the steps 4 to 6, as shown 1 FIGS. 2 and 3d to 3f,
the first depressurizing step, the second depressurizing step
and the desorption step are successively performed in the
adsorption tower A, as 1n the adsorption tower C through the
steps 1 to 3. In the adsorption tower B, the adsorption step 1s
continued as 1n the adsorption tower A through the steps 1 to
3. In the adsorption tower C, the scavenging step, the first
pressurizing step and the second pressurizing step are succes-
stvely performed as 1n the adsorption tower B through the
steps 1 to 3.

Through the steps 7 to 9 as shown 1n FIGS. 2 and 3¢ to 3,
the scavenging step, the first pressurizing step and the second
pressurizing step are successively performed 1n the adsorp-
tion tower A, as 1n the adsorption tower B through the steps 1
to 3. In the adsorption tower B, the first depressurizing step,
the second pressurizing step and the desorption step are suc-
cessively performed, as 1n the adsorption tower C through the
steps 1 to 3. In the adsorption tower C, the adsorption step 1s
continued as 1n the adsorption tower A through the steps 1 to
3.

Repeating the foregoing steps 1 to 9 1n the adsorption
towers A, B, C leads to removal of the unnecessary gas com-
ponent from the gas mixture, and to continuous extraction of
the product gas containing a high concentration of the target
gas, and allows the off-gas to be constantly discharged from at
least one of the adsorption towers A, B, C. Accordingly, the
off-gas can be continuously supplied to the combustion unit
10 without interruption. Consequently, the PSA system X1
according to the first embodiment does not have to include an
off-gas reservoir tank which requires a large mounting space,
and can thereby achieve a reduction in dimensions of the
system X1. In addition, when the target gas 1s hydrogen gas,
it 1s preferable that the gas mixture contains hydrogen gas and
a flammable gas component other than hydrogen gas.

Referring now to FIGS. 5§ and 6a to 6/, an off-gas feeding
method according to a second embodiment of the present
invention will be described hereunder. FIG. 5 specifies the
process performed in the respective adsorption towers 1in each
of the steps 1' to 12' to be described later. FIGS. 6a to 6/
schematically illustrate directions of gas flow 1n each step
included 1n the target gas enriching and separating process. A
structural difference between the PSA system according to
the second embodiment and the PSA system X1 according to
the first embodiment lies in that an adsorption tower D has
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been added, thus to constitute a quadruple-tower system.
Although the addition of the adsorption tower D 1incurs minor
modifications such as the addition of the automatic valves, the
configuration of the remaining portion 1s similar to that of the
first embodiment, and therefore detailed description will be
omitted with respect to the structure of the system and the
open/close status of the valves 1n each step according to the
second embodiment.

In FIG. 5, the following abbreviations are used.

AD: Adsorption Step

First DP: First Depressurizing Step

Second DP: Second Depressurizing Step
DE: Desorption Step

SC: Scavenging Step

First PR: First Pressurizing Step

Second PR: Second Pressurizing Step

WA: Waiting step

According to the second embodiment, each of the adsorp-
tion towers A, B, C, D repeats the cycle which includes an
adsorption step, a first depressurizing step, a second depres-
surizing step, a desorption step, a scavenging step, a first
pressurizing step, a waiting step and a second pressurizing
step. More specifically, these process steps (step 1' to 12') are
performed 1n a timing specified i FIG. 5, 1 each of the
adsorption towers A, B, C, D.

In the step 1', as specified 1n FIG. 5, the adsorption step 1s
performed in the adsorption tower A, the second pressurizing
step 1n the adsorption tower B, the scavenging step in the
adsorption tower C, and the first depressurizing step 1n the
adsorption tower D. The gas tlow 1s shown 1n FIG. 6a.

As shown 1n FIG. 64, the adsorption tower A receives a gas
mixture from a reformer (not shown). In the adsorption tower
A, an unnecessary gas component 1s removed by the adsor-
bent, and a product gas 1s discharged out of the tower, and
collected. A portion of the product gas 1s introduced 1nto the

adsorption tower B, so as to pressurize the inside of the
adsorption tower B.

To the adsorption tower C, residual gas (scavenging gas)
discharged from the adsorption tower D 1s introduced. Since
the adsorption tower C was formerly performing the desorp-
tion step while the adsorption tower D was formerly perform-
ing the adsorption step (see the step 12' to be described later,
shown 1n FIG. 6/), the pressure 1n the adsorption tower D 1s
higher than 1n the adsorption tower C. Accordingly, introduc-
ing the residual gas 1n the adsorption tower D 1nto the adsorp-
tion tower C depressurizes the 1nside of the adsorption tower
D to a first intermediate pressure, and causes the adsorption
tower C to discharge the residual gas in the tower. The ofi-gas
thus discharged i1s supplied to the combustion unit (not
shown).

When the maximum pressure in the adsorption step 1s
defined as 100% and the minimum pressure 1n the desorption
step 1s defined as 0%, the first intermediate pressure in the

adsorption tower D (the first depressurizing step) lies 1n a
range of 35% to 85%.

In the step 2', as specified 1n FIG. §, the adsorption step 1s
performed in the adsorption tower A, the second pressurizing
step 1n the adsorption tower B, the first pressurizing step in the
adsorption tower C, and the second depressurizing step in the
adsorption tower D. The gas tlow 1s shown 1n FIG. 6.

As shown 1n FIG. 65, the adsorption tower A continues to
receive the gas mixture as in the step 1', and discharges the
product gas out of the tower. The product gas 1s collected in a
similar manner to the step 1. Also, a portion of the product gas
1s continuously introduced into the adsorption tower B, so
that the 1nside of the adsorption tower B 1s pressurized.
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The residual gas led out of the adsorption tower D 1s 1ntro-
duced 1nto the adsorption tower C, and also supplied to the
combustion unit (not shown). In other words, in the step 2,
while the supply of the off-gas from the adsorption tower C 1s
discontinued for equalizing the pressure between the adsorp-
tion tower C and the adsorption tower D, the off-gas 1s sup-
plied to the combustion unit (not shown) from the adsorption
tower D. Therefore, the combustion unit can continue to
receive the off-gas, without interruption. Also, because of
such arrangement the inside of the adsorption tower D 1s
turther depressurized to a second intermediate pressure,
which 1s lower than the first intermediate pressure, and the
inside of the adsorption tower C 1s pressurized.

When the maximum pressure in the adsorption step 1s
defined as 100% and the minimum pressure in the desorption
step 1s defined as 0%, the second intermediate pressure in the
adsorption tower D (the second depressurizing step) lies 1n a
range of 50% to 15%.

In the step 3', as specified i FIG. 5, the adsorption step 1s
performed 1n the adsorption tower A, the second pressurizing,
step 1n the adsorption tower B, the waiting step 1n the adsorp-
tion tower C, and the desorption step 1n the adsorption tower
D. The gas tlow 1s shown in FIG. 6c¢.

As shown 1n FIG. 6c¢, the adsorption tower A still continues
to recetve the gas mixture as in the steps 1' and 2', and
discharges the product gas out of the tower. The product gas
1s collected 1n a similar manner to the step 1'. Also, a portion
of the product gas 1s introduced to the adsorption tower B, so
that the mside of the adsorption tower B 1s pressurized.

In the adsorption tower D, the off-gas (1including the unnec-
essary gas component removed from the adsorbent) 1s dis-
charged out of the tower until the pressure drops to the mini-
mum pressure 1n the desorption step. The off-gas thus
discharged 1s supplied to the combustion unit (not shown).
Meanwhile, the adsorption tower C 1s kept waiting, without
receiving or discharging the gas.

Through the steps 4' to 6', as shown 1n FIGS. 5 and 6d to 6f,
the first depressurizing step, the second depressurizing step
and the desorption step are successively performed 1n the
adsorption tower A, as 1n the adsorption tower D through the
steps 1' to 3'. In the adsorption tower B, the adsorption step 1s
continued as in the adsorption tower A through the steps 1' to
3'. In the adsorption tower C, the second pressurizing step 1s
continued as in the adsorption tower B through the steps 1' to
3'. In the adsorption tower D, the scavenging step, the first
pressurizing step and the waiting step are successively per-
tormed as 1n the adsorption tower C through the steps 1' to 3'.

Through the steps 7' to 9" as shown 1n FIGS. 5 and 6g to 6,
the scavenging step, the first pressurizing step and the waiting,
step are successively performed in the adsorption tower A, as
in the adsorption tower C through the steps 1' to 3'. In the
adsorption tower B, the first depressurizing step, the second
pressurizing step and the desorption step are successively
performed as 1n the adsorption tower D through the steps 1' to
3'. In the adsorption tower C, the adsorption step 1s continued
as 1n the adsorption tower A through the steps 1' to 3'. In the
adsorption tower D, the second depressurizing step 1s contin-
ued as 1n the adsorption tower B through the steps 1' to 3'.

Through the steps 10" to 12' as shown 1n FIGS. 5 and 6; to
6/, the second pressurizing step 1s continued 1n the adsorption
tower A, as 1n the adsorption tower B through the steps 1' to 3'.
In the adsorption tower B, the scavenging step, the first pres-
surizing step and the waiting step are successively performed,
as 1n the adsorption tower C through the steps 1' to 3". In the
adsorption tower C, the first depressurizing step, the second
depressurizing step and the desorption step are successively
performed, as in the adsorption tower D through the steps 1' to
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3'. In the adsorption tower D, the adsorption step 1s continued
as 1n the adsorption tower A through the steps 1' to 3'.

Repeating the foregoing steps 1' to 12' in the adsorption
towers A, B, C, D leads to removal of the unnecessary gas
component from the gas mixture, and to continuous extrac-
tion of the product gas containing a high concentration of the
target gas. Also since the off-gas 1s constantly discharged
from at least one of the adsorption towers A, B, C, D, the
off-gas can be continuously supplied to the combustlon unit
(not shown) without interruption. Consequently, the PSA sys-
tem according to the second embodiment does not have to
include an off-gas reservoir tank which requires a large foot-
print, and can thereby achieve a reduction in dimensions of
the system. In addition, when the target gas 1s hydrogen gas,
it 1s preferable that the gas mixture contains the hydrogen gas
and a flammable gas component other than the hydrogen gas.

Although the present invention has been described 1n
details based on the specific embodiments, it 1s to be under-
stood that the present invention 1s not limited to the foregoing
embodiments, but that various modifications may be made
without departing from the spirit and scope of the present
invention.

The mnvention claimed 1s:

1. An off-gas feeding method for supplying off-gas dis-
charged from a plurality of adsorption towers to an oif-gas
consumption unit, while performing a pressure swing adsorp-
tion process of repeating a cycle including a plurality of steps,
to enrich and separate target gas out of a gas mixture in the
adsorption towers loaded with an adsorbent, comprising:

causing at least one of the adsorption towers to discharge

the off-gas, 1n all the steps included 1n the cycle, so as to
continue to supply the ofl

-gas to the off-gas consump-
tion unit without interruption;

wherein each of the adsorption towers repeats the cycle

which includes: an adsorption step of adsorbing an
unnecessary gas component in the gas mixture with the
adsorbent so as to discharge a product gas containing a
higher concentration of the target gas, a first depressur-
1zing step of reducing the pressure in the adsorption
tower to a first intermediate pressure, a second depres-
surizing step of reducing the pressure in the adsorption
tower to a second 1ntermediate pressure, a desorption
step of desorbing and discharging the unnecessary gas
component from the adsorbent, a scavenging step of
introducing scavenging gas into the adsorption tower so
as to discharge residual gas 1n the tower, and a pressur-
1zing step ol increasing the pressure 1n the adsorption
tower; and

wherein the residual gas discharged through a product gas

outlet of the adsorption tower performing the second
depressurizing step 1s imtroduced to another adsorption
tower performing the pressurizing step, and the ofi-gas
1s supplied to the off-gas consumption unit through a gas
mixture inlet of the adsorption tower performing the
second depressurizing step.

2. The method according to claim 1, further comprlsmg
controlling a flow rate of the off-gas supplied to the off-gas
consumption unit.

3. The method according to claim 2, wherein the step of
controlling the flow rate of the off-gas supplied to the oif-gas
consumption unit includes adjusting an opening extent of a
flow control valve located 1n a gas ﬂow path connecting the
respective adsorption towers to the off-gas consumption unit.

4. The method according to claim 1, wherein the adsorption
towers supply the off-gas to the off-gas consumption umnit
during the second depressurizing step, the desorption step and
the scavenging step.
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5. The method according to claim 4, further comprising
controlling a tlow rate of the off-gas supplied to the off-gas

consumption unit by a flow control valve located 1n a gas flow
path connecting the adsorption towers to the off-gas con-
sumption unit, wherein an opening extent of the flow control
valve 1s set to be largest in the scavenging step and smallest in
the second depressurizing step while gradually increasing in
the desorption step.

6. An olff-gas feeding method for supplying off-gas dis-
charged from a plurality of adsorption towers to an oif-gas
consumption unit, while performing a pressure swing adsorp-
tion process ol repeating a cycle including a plurality of steps,
to enrich and separate target gas out of a gas mixture in the
adsorption towers loaded with an adsorbent, comprising:

causing at least one of the adsorption towers to discharge
the off-gas, 1n all the steps included 1n the cycle, so as to
continue to supply the ofl-gas to the off-gas consump-
tion unit without interruption;

wherein each of the adsorption towers repeats the cycle
which includes: an adsorption step of adsorbing an
unnecessary gas component in the gas mixture with the
adsorbent so as to discharge a product gas containing a
higher concentration of the target gas, a first depressur-
1zing step of reducing the pressure in the adsorption
tower to a first intermediate pressure, a second depres-
surizing step of reducing the pressure in the adsorption
tower to a second i1ntermediate pressure, a desorption
step ol desorbing and discharging the unnecessary gas
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component from the adsorbent, a scavenging step of
introducing scavenging gas into the adsorption tower so
as to discharge residual gas 1n the tower, a first pressur-
1zing step ol increasing the pressure 1n the adsorption
tower, a waiting step of closing both of the gas mixture
inlet and the product gas outlet of the adsorption tower,
and a second pressurizing step of further increasing the
pressure 1n the adsorption tower;

wherein the residual gas discharged through a product gas

outlet of the adsorption tower performing the second
depressurizing step 1s imtroduced to another adsorption
tower performing the first pressurizing step, and the
off-gas 1s supplied to the ofl-gas consumption unit
through a gas mixture inlet of the adsorption tower per-
forming the second depressurizing step.

7. The method according to claim 1, further comprising
utilizing the off-gas consumption unit as a combustion unit of
a reformer that produces the gas mixture.

8. The method according to claim 1, wherein the target gas
1s hydrogen gas, and the gas mixture contains hydrogen gas
and a flammable gas component other than hydrogen gas.

9. The method according to claim 6, further comprising
utilizing the off-gas consumption unit as a combustion unit of
a reformer that produces the gas mixture.

10. The method according to claim 6, wherein the target
gas 1s hydrogen gas, and the gas mixture contains hydrogen
gas and a flammable gas component other than hydrogen gas.
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